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The connection between the coronal lines and the warm absorber
is examined systematically. In an earlier work it was found that the
coronal line emitting plasma and the warm absorber gas share the
same density and temperature. If there is a connection between the
warm absorber gas and the forbidden high-ionization line (FHIL)
plasma, one can use the proles of coronal lines to derive the kine-
matics and dynamics of the warm absorber due to the high spec-
tral resolution available in the optical range. Further support for
a connection is a correlation between the equivalent width of [Fe
X] 6375 A and the ROSAT spectral index found for an optically
selected sample. For X-ray selected objects with absorption edges
observed by ASCA, we looked for a correlation between the coro-
nal lines and the warm absorber gas. A direct correlation cannot
be conrmed.
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1 Introduction
Coronal lines are used as a tool to investigate the intermediate region be-
tween the NLR and BLR (e.g. Osterbrock 1981; Appenzeller & O¨streicher
1988; Giannuzzo et al. 1990). Coronal lines are highly ionized emission lines
originating from forbidden transitions with an ionization potential of at least
90 eV. Coronal lines are therefore also called forbidden high-ionization lines,
abbreviated as FHILs. The existence of forbidden lines indicates that in the
respective region the densitites are low enough that the forbidden transitions
are not suppressed by collisions. The critical densitites are of the order of 107{
1010 cm−3. Due to the high ionization potential, coronal lines are an indication
of highly energetic processes. The density and temperature of the coronal line
region are of the order of 106 cm−3 and 105 K (Erkens, Appenzeller & Wagner
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1997). These conditions are similiar to those of the partially ionized gas pro-
ducing the O VII and O VIII absorption edges observed with ASCA, called the
warm absorber (e.g. Nandra & Pounds 1992; Reynolds & Fabian 1995). The
warm absorber is presumably located between the BLR and the NLR, and it
is found in approximately half of Seyfert 1 galaxies (Reynolds 1997). Coro-
nal lines and X-ray absorption edges may form in the same plasma. Further
support for a connection between the warm absorber and the FHILs is given
by a correlation between the ROSAT PSPC spectral index and the equivalent
width of [Fe X] 6375 A found by Erkens, Appenzeller & Wagner (1997) for an
optically selected sample (see Figure 1). [Fe X] 6375 A is a good probe of the
FHIL plasma because, as a rule, this line is relatively strong. Furthermore,
Fig. 1. Correlation between the equivalent width of [Fe X] 6375 A and the ROSAT
PSPC spectral index for the optically selected sample.
lower ionization lines such as [Fe VII] can be stimulated thermally as well. If
there is a connection between the warm absorber gas and the FHIL plasma,
one can use line proles of FHILs to derive the kinematics and dynamics of
the warm absorber due to the higher spectral resolution in the optical than in
the X-ray range. A connection may also answer the question of whether the
same ionization mechanism drives FHILs and the warm absorber.
To investigate this question, we observed an X-ray selected sample of 16 Seyfert
galaxies in the optical range. Line properties of a further 4 objects were taken
from the literature. The selection criterion was that O VII and O VIII absorp-
tion edges were observed with ASCA. Nearly half of the objects are NLS1s (10
out of 21), the other half are Seyfert 1s, and one object is a Seyfert 2. Though
NLS1s are dened by optical criteria, our sample was X-ray selected. Then,
why are so many NLS1s in our sample? Optically selected Seyfert 1 samples
contain approximately 10% NLS1s (Stephens 1989); this percentage rises to
16{50% when the sample is selected by soft X-ray criteria (Puchnarewicz et
al. 1992). So, the percentage of 50% is at the upper limit given for soft X-ray
selected samples. To check how signicant the considered correlation is, we
calculated correlation coecients, specically the value of Kendall’s τ . The
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Kendall τ value of the correlation between the ROSAT PSPC spectral index
and the equivalent width of [Fe X] 6375 A for the objects of the optically se-
lected sample of Erkens, Appenzeller & Wagner (1997) is 0.55, corresponding
to a probability of 0.09% that the distribution is only by chance. The cor-
reponding values for the X-ray selected sample (see Figure 2) are 0.21 and a
probability of 11%. With the spectral index alone, one cannot determine if the
Fig. 2. Correlation between the equivalent width of [Fe X] 6375 A and the ROSAT
PSPC spectral index for the X-ray selected sample.
correlations shown in Figures 1 and 2 really demonstrate a connection between
the warm absorber and the coronal lines (ROSAT spectra can appear steep
due to the presence of a warm absorber, but they can also be intrinsically
steep). The optical depths of the O VII and the O VIII edges give direct infor-
mation about the warm absorber. They correlate with each other, as shown in
Figure 3. For the optically selected sample alone a comparison between equiv-
Fig. 3. The optical depths of the O VII and O VIII absorption edges.
alent width and optical depth is not possible since ASCA data are available
for only three objects of this sample. In Figure 4, the optical depth of the
O VII edge is plotted against the equivalent width of the [Fe X] 6375 A line.
No correlation can be seen. But how can one explain the correlation between
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Fig. 4. Correlation between the equivalent width of [Fe X] 6375 A and the optical
depth of the O VII absorption edge.
the ROSAT spectral index and the equivalent width? The ROSAT spectral
index might not be a good indicator of the strength of the warm absorber: no
correlation can be found between the optical depth of the absorption edges
and the ROSAT spectral index (see Figure 5). However, the X-ray spectral
shape can be changed if emission and reflection spectra are considered (Netzer
1993, 1996), reducing the absorption edges.
Fig. 5. Correlation between the ROSAT PSPC spectral index and the optical depth
of the O VII absorption edge.
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